Cimicifuga rhizomes (the rhizomes of Cimicifuga simplex, C. dahurica, C. heracleifolia, and C. foetida, Ranunculaceae) are used as an antipyretic, analgesic, and wound healing agents 1) along with other crude drugs in traditional Chinese-Japanese (kampo) prescriptions such as Otsuji-to, Hochyuheki-to, Shyomakakkon-to, etc. 2) The rhizomes of C. racemosa (black cohosh) are used for relief of menstrual pain and menopausal symptoms in Europe.
These rhizomes are classified among the crude drugs that contain saponins and polyphenols, and many types of triterpenic glycosides, 4) benzyltartaric acid derivatives, 5, 6) chromones, 7) 2-indolinones, 8) and others have been reported. The benzyltartaric acid derivatives such as fukinolic acid (1) , and cimifugic acids A, B, C, D, E, and F (2-7) show some biological activities such as relaxant action on smooth muscle, 9) inhibitory activities on germination, a-amylase, and carboxypeptidase A, 10) estrogenic activities, 11) and neutrophil elastase. 12) The constituents (1-7) are esters of biologically active compounds, that is, between 3,4-dihydroxy-, 4-hydroxy benzyltartaric acids (fukiic acid, pscidic acid), and caffeic acid derivatives (caffeic acid, ferulic acid, isoferulic acid, and pcoumaric acid). Benzyltartaric acids have been reported as factors in root exudates of pigeon pea to enhance phosphorus uptake in soil with low P status. 13) Caffeic acid derivatives have been reported to show numerous biological activities such as antioxidant activity, 14) suppression of interleukin-8 production, 15) interaction with oxytocin, 16) inhibition of 5-lipoxygenase, 17) effect on the arachidonic acid cascade, 18) and antiinflammatory activity. 19) In a recent report, mRNA of collagenase-1 was not detected in any cell in intact healthy skin. However, mRNA is predominantly expressed during skin wound healing in a pig model, and subsequently the mRNA declines to an undetectable level. 20) It is well known that proteolytic degradation of the extracellular matrix, especially collagen, is an essential feature of repair and remodeling during cutaneous wound healing. The failure of wounds to heal represents a health care problem, and excess proteinases are thought to be a detriment to proper healing and wound closure. It is also well known that elevated protease-protease inhibitor imbalance contributes to excess damage and various forms of chronic ulcers.
Fukinolic acid (1) has only been isolated from Petasites japonicus (Compositae) 21) and Cimicifuga rhizomes so far. P. japonicus is used as antitussive, antipyretic, or wound healing agent in Japanese folk medicine, 22) while Cimicifuga species are used similarly in Chinese medicine. 23) In this study, in order to investigate the further biological activities of benzyltartaric acid derivatives such as 1-7, their effects on collagenolytic activity were investigated, and we postulated that Cimicifuga rhizomes or their constituents would have a protective effect against collagen degradation by collagenase or collagenolytic enzyme during wound healing.
MATERIALS AND METHODS

Materials
Fukinolic acid (1), and cimicifugic acids A-F (2-7) were isolated from the underground parts of C. simplex. 5, 6) Fukiic acid (8) was obtained by alkaline hydrolysis of 1. 5) Caffeic acid (9), ferulic acid (10), isoferulic acid (11), p-coumaric acid (12) , and collagenase (from Clostridium histolyticum, 1000 u/mg) were purchased from Wako Pure Chemical Industries, Ltd., Osaka Japan. Rosmarinic acid (13) was kindly donated by San-EI Gen F. F. I., Inc., Osaka, Japan. Trypsin (180 u/mg) and Pronase E (1ϫ10 7 trypsine unit/g) were purchased from Worthington and Kaken Pharmaceutical Co., respectively.
Methods Various concentrations of test chemicals in 10% EtOH solution (100, 50, 10, 5 mg/100 ml) and collagenase in buffer solution (0.1 M Tris-HCl buffer, pH 7.5, containing 0.4 M NaCl) (1 mg/100 ml) were prepared. The mixture of 100 ml of each test chemical solution and 100 ml of collagenase solution was preincubated at 4°C for 30 min., and then collagenolytic activities were measured with an MCK collageno kit CLN-100 by the method of the Collagen Gijyutsu Kenkyukai 24) as follows. After preincubation, 100 ml of substrate solution (0.05% fluorescein isothiocyanatelabeled type I collagen/0.01 M acetate buffer-0.1 M Tris-HCl buffer [1 : 1]) was added and incubated at 35°C for 60 min. Then, 10 ml of o-phenanthroline solution (80 mM/50% EtOH) was added to stop the reaction, and the mixture was again incubated at 35°C for 60 min to denature the product. Extraction solution 400 ml (70% EtOH/0.17 M Tris-HCl buffer, pH 9.5, containing 0.67 M NaCl) was added and shaken strongly, then centrifuged at 3000 rpm for 15 min. The fluorescence intensity of the supernatant at 520 nm, after excitation at 495 nm, was measured.
The percent inhibition of collagenolytic activity was estimated from the ratio of the absorbance in the presence of test chemicals to that without test chemicals (100%), according to our previous report. 25) 
RESULTS
Effects of Fukinolic Acid and Cimicifugic Acids on Collagenolytic Activity with Collagenase Fukinolic acid (1)
and cimicifugic acids A, B, and C (2-4), which are esters of fukiic acid ([2S,3R]-3Ј,4Ј-dihydroxybenzyl tartaric acid) (8), showed 47-64% inhibition at 100 mg (0.22-0.24 mM) of collagenolytic activity with collagenase, as shown in Table 1 . The inhibitory activities of these compounds were dose dependent. Their activities were followed by 20-37% inhibition with 100 mg (0.23-0.24 mM) of cimicifugic acids D, E, and F (5-7), which are esters of pscidic acid ([2S,3R]-4Ј-hydroxybenzyl tartaric acid), and 1-20% inhibition with 100 mg (0.36-0.61 mM) of their components, 8, caffeic acid (9), ferulic acid (10), isoferulic acid (11), and p-coumaric acid (12) . Rosmarinic acid (13) , with a structure similar to that of 1 except for a less carboxylic group and lower molecular weight, showed 51% inhibition in 100 mg (0.28 mM).
Collagenolytic Activities with Trypsin and Pronase E, and Their Inhibition by Fukinolic Acid As shown in Table 2 , collagenolytic activities were found to be 70 with trypsin 10 mg, and 188 with pronase E 10 mg, compared with 100 for collagenase 1 mg. Fukinolic acid (1) inhibited the activity of trypsin 10 mg by 12%, 30%, and 40% at 10 mM (22 nM), 50 mM (0.11 mM), and 100 mg (0.22 mM), respectively. Similarly, the same concentrations of 1 inhibited pronase E 10 mg activity by 11%, 23%, and 31%, respectively.
Collagenolytic Activities with Various Concentrations of Collagenase and with the Addition of Trypsin and
Their Inhibition by Fukinolic Acid Collagenase 0.5 mg and 0.25 mg had collagenolytic activities of 51 and 21, and trypsin 10 mg of 64, compared with 100 in collagenase 1 mg. These values increased from 100 to 136, from 51 to 108, and from 21 to 96 with the addition of trypsin 10 mg to collagenase 1 mg, 0.5 mg, and 0.25 mg, respectively, as shown in Table 3 . They decreased from 136 to 58 (inhibition 57%), from 108 to 55 (inhibition 50%), and from 96 to 53 (inhibition 45%), respectively, with the addition of 100 mg (0.22 mM) of 1.
DISCUSSION
Various types of collagens as a group represent the major structual proteins of connective tissues. Normal growth and development, as well as the repair of tissue, requires the regulation of catabolism and biosynthesis. The extracellular collagenolytic enzymes collagenase or matrix metalloproteinases (MMPs), which are responsible for the degradation of the native triple-helical collagen fibrils, operate at neutral pH, and require Ca 2ϩ as an activator, and most likely require Zn 2ϩ as an intrinsic metal ion. Therefore collagenolytic activity is inhibited by the chelating agents EDTA and ophenanthroline. The inhibitory ratios on collagenase (Wako) of EDTA 0.5, 1.0, and 10 mM were confirmed experimentally to be 86, 91, and 100%, respectively. Collagenolytic activity has been shown to be enhanced in the early stages of wound progress and wound healing process. 26, 27) Increased activity of collagenase can lead to extensive degradation of collagen in inflammatory conditions. Recently, green tea polyphenols have been also reported to inhibit the gelatinolytic activities of MMP-2 and MMP-9 and of the elastolytic activity of MMP-12, suggesting that they may interfere with tumor invasion and metastasis. 28) Fukinolic acid (1) was isolated from P. japonicus (Compositae) for the first time, 21) followed by isolation from Cimicifuga rhizomes. P. japonicus is used as antitussive, antipyretic, or wound healing agent in Japanese folk medicine, 22) while Cimicifuga species are used similarly in Chinese medicine.
23) It is interesting that so far only these two plants have been shown to contain fukinolic acid (1), which is a polyphenolic compound and a type of tannin. Cimicifuga rhizomes contain cimicifugic acids A-F (2-7) along with 1. We found that 1 and cimicifugic acid A, B, and C (2-4) 100 mg (0.22-0.24 mM) showed 47-64% inhibition of collagenolytic activity with collagenase 1 mg. The inhibitory collagenolytic activity of fukinolic acid, cimicifugic acids A, B, and C with two hydroxy groups, i.e., the 3,4-dihydroxyphenyl moiety of fukiic acid was more potent than that of cimicifugic acids D, E and F with one hydroxy group, i.e., the 4-hydroxyphenyl moiety. Fukiic acid (8) had weaker inhibition, and caffeic acid (9), ferulic acid (10), isoferulic acid (11) , and p-coumaric acid (12) far weaker activities. These findings indicate clearly that the inhibitory effects of fukinolic acid and cimicifugic acids from Cimicifuga species on collagenolytic activity depend on the entire structures of 1, 2, 3, and 4. Rosmarinic acid (13) , which has a similar structure to that of 1, showed similar anticollagenolytic activity. Trypsin and Pronase E hydrolyzed collagen nonselectively alone or with the addition of collagenase. These collagenolytic activities were also inhibited by fukinolic acid (1), as shown in Tables 2 and 3 . These results showed that the components of 1-4 inhibit degradation of collagen by collagenolytic emzymes under pathological conditions, wound healings or inflammation.
The present studies indicate the potential effect of fukinolic acid and cimicifugic acids of Cimicifuga rhizomes in preventing collagen degradation by collagenases in wound healing or inflammatory processes. A similar suggestion was recently proposed on the basis of the results of inhibition of neutrophil elastase with these compounds. 
